Summary. Three unilaterally ovariectomized cynomolgus monkeys, in which menstrual cycles were driven by pulsatile infusion of synthetic GnRH at a fixed frequency of 1 pulse/h, were provided with a continuous infusion of ovine anti-oestradiol \g=g\-globulin beginning 13 days after ovulation and continuing for 7 days thereafter. Plasma concentrations of both FSH and LH rose at the start of the antibody infusion and remained elevated throughout the 7-day treatment regimen when compared with control (non\ x=req-\ immune \g=g\-globulin-treated or untreated) animals. Morphometric examination of ovaries at the end of the experimental and control infusions revealed a significant difference (P < 0\m=.\05) in the average size of the largest non-atretic antral follicle in each of the experimental animals when compared with that of the control animals (2\m=.\45\ m=+-\0\m=.\23vs 1\m=.\30 \ m=+-\ 0\m=.\53 mm). Collectively, the 3 control animals possessed 9 nonatretic antral follicles > 1 \ m=. \ 0 mm diameter, none of which exceeded a diameter of 2\m=.\0mm. In contrast, the experimental animals had 28 non-atretic follicles of > 1\ m=. \ 0mm diameter, 8 of which exceeded 2\m=.\0mm.
Introduction
Follicular maturation proceeds to the preantral and early antral stages during the luteal phase of the menstrual cycle, but the final stages of preovulatory follicular growth do not occur (Block, 1951;  Koering, 1969; McNatty et al, 1983) . Upon the regression of the corpus luteum, this block in folliculogenesis is removed and preovulatory follicular growth, which takes about 14 days to complete, occurs during the subsequent follicular phase. Baird et al (1975) postulated that the secretion of both oestradiol and progesterone by the corpus luteum, via their resultant feedback inhibition on gonadotrophin secretion, is responsible for the block in pre¬ ovulatory folliculogenesis. Consistent with this hypothesis are observations that augmentation of serum gonadotrophin concentrations by the administration of exogenous human menopausal gonadotrophin during the luteal phase in macaques rapidly restores preovulatory follicular growth (diZerega & Hodgen, 1980; Zeleznik & Resko, 1980) . In contrast to the hypothesis of Baird et al (1975) , others have suggested that progesterone, or other elaborations of the corpus luteum, may fPresent address: Serono Laboratories, Inc., 280 Pond Street, Randolph, MA 02368, U.S.A. act directly at the ovarian level to inhibit gonadotrophin-dependent follicular maturation.
Evidence for this suggestion is represented by observations that surgical removal of the corpus luteum during the mid-luteal phase of the macaque menstrual cycle is followed by the reinitiation of follicular growth which occurred, in some instances, in the absence of statistically significant increases in plasma concentrations of FSH and/or LH (Goodman et al, 1977) . However, in other similar studies, there was clear evidence of elevations in gonadotrophin concentration after removal of the corpus luteum (Goodman & Hodgen, 1979) , thereby, making it difficult to rule out the possibility that the reinitiation of follicular growth was due to elevated gonadotrophins rather than removal of an intra-ovarian modulator. Furthermore, studies in humans (Baird et al, 1984) demonstrated a clear elevation in serum FSH and LH concentrations which preceded the initiation of follicular growth that follows the removal of the corpus luteum during the early, mid-or late luteal phase in women.
We have developed a model system in which both the feedback effects of steroids on gonadotro¬ phin secretion can be modulated and spontaneous ovarian activity can be observed in the presence of an intact hypothalamic-pituitary-ovarian axis (Zeleznik et al, 1985a ). In this model system, hypophysiotrophic input is controlled directly by the pulsatile administration of synthetic GnRH (Knobil, 1980) , while feedback effects of oestradiol are modulated by passive immunization with anti-oestradiol antibodies, thus permitting removal of the gonadotrophin-suppressing actions of ovarian steroids without removing the ovary. In the present study, we have investigated the role of luteal steroids on the feedback regulation of gonadotrophin secretion and the cessation of follicular growth during the luteal phase of the menstrual cycle. For this purpose, the primary effects of progesterone on reducing LH pulse frequency (Soûles et al, 1984) (Zeleznik et al, 1985b ).
Materials and Methods

Animals
Adult 2-3 kg female cynomolgus monkeys (Macacafascicularis) were purchased from Hazleton Research Animals (Reston, VA). To permit infusion of oestradiol antibodies and GnRH, each animal was equipped with two jugular catheters which were exteriorized through a headcap attached to the calvaría and connected to the cage with a three-channel swivel apparatus (Spalding Medical Products, Arroyo Grande, CA). One catheter was used to infuse anti-oestradiol or control -globulins, the other to infuse GnRH and collect blood samples. GnRH (lots A4-25 and 031-A-26) was dissolved in 001 M-acetic acid-saline at a concentration of 1 mg/ml then diluted to 4µg/ml in sterile saline and infused as a 6-min pulse (0-25 ml/min) at a frequency of 1 pulse/h. The GnRH infusion was controlled by a peristaltic pump (Minipuls 2, Gilson Medical Electronics, Ine, Middleton, WI), the activity of which was regulated by a programmable electric timer (Chrontrol LD-4, Lindburg Enterprises, San Diego, CA).
y-Globulin preparations
Anti-oestradiol antiserum was obtained from a sheep which had been immunized with an oestradiol-6-BSA conjugate (Zeleznik et al, 1985a) . Control serum was obtained from a non-immunized sheep. A -globulin fraction was prepared from each by ammonium sulphate precipitation (Williams & Chase, 1967) . For each batch, 500 ml saturated (NHJ2S04 were added slowly to 1 litre serum at room temperature. After mixing for 30 min, the solution was centrifuged and the supernatant decanted. The precipitate was dissolved 500ml 001 M-PBS, pH 7-35 and 250 ml saturated (NH4)2S04 were added. The precipitation step was repeated four additional times. The final precipi¬ tate was dissolved in 300 ml PBS and was dialysed for 5 days against PBS at 4°C. Each -globulin fraction was prepared for infusion by successive nitrations through a Whatman GFD filter (2-7 pm pore size), a Whatman GF/F filter (0-7 µ pore size), followed by sterilization through a 0-2 pm Nalgene membrane filter unit. All filters were purchased from Fisher Scientific (Pittsburgh, PA).
The specificity of the anti-oestradiol antiserum, based upon oestradiol-17ß having 100% reactivity, was oestrone 1%, oestriol 0-5%, and dihydroprogesterone, testosterone, androstenedione and diethylstilboestrol (DES) all <01%. The binding capacity of the filtered -globulin fraction, determined at 4°C by Scatchard analysis, was [1] [2] [3] [4] [5] 10~5m; the affinity constant was 5 109m_1 (Zeleznik et al, 1985a) . The antioestradiol -globulin fraction had minimal gonadotrophic activity in a mouse Leydig cell bioassay and failed to stimulate follicular maturation in macaques in which endogenous gonadotrophin secretion was suppressed by treatment with DES (Zeleznik et al, 1985a The minimum detectable plasma concentration was 9-10 mg/ml when 0-2 ml plasma was used. FSH concentrations were measured by the RIA described by Belchetz et al (1978) which uses a rabbit anti-human antiserum (batch 5, NIAMDD. National Pituitary Agency), human FSH (NIH-FSH-HS-1) as trace and rhesus FSH (WP-X111-21-42) as standard. The minimum detectable plasma FSH concentration was~3 ng/ml when 0-2 ml plasma was used. All samples were measured in single assays and the intra-assay coefficients of variation for standard serum pools were 18% and 22% for the FSH and LH assays respectively.
Plasma oestradiol-17ß and progesterone concentrations were measured by RIAs as described previously (Zeleznik & Resko, 1980) . The minimum detectable oestradiol-17ß concentration was 30 pg/ml when 01 ml serum was used. The interassay coefficient of variation was 16% for a serum pool containing 380 pg/ml and 24% for a serum pool containing 90pg/ml. The minimum detectable plasma progesterone concentration was 0-2mg/ml when 005ml plasma was used. The intraassay coefficient of variation was 17% for a serum pool with 3-6 mg/ml. For oestradiol measurements, when necessary, plasma samples were diluted with PBS which contained 0-1% gelatin before extraction.
Statistics
The diameter of the largest non-atretic antral follicle in each of the 3 experimental animals was compared with the diameter of the largest antral follicle in each of the 3 control animals for statistical significance by Student's ; test (Woolf, 1968) . To assess the effects of passive immunization on the distribution of large antral follicles, we compared the diameters of the 10 largest non-atretic follicles in each of the control animals with the diameters of the 10 largest non-atretic follicles in each of the experimental animals by the non-parametric Mann-Whitney U-Test (Snedecor & Cochran, 1967) . For this analysis, we made the assumption that follicles at the early antral stage before selection of the preovulatory follicle occurs are independent of one another with respect to the initiation of growth as well as atresia.
Results
As shown in Fig. 1 Fig. 2f .) Plasma progesterone concentrations declined to undetectable values (<0-2 ng/ml) in 2 of the experimental animals by Day 16, the expected time of luteal regression. Progesterone concentrations in the third antibody-treated animal rose to 5-7 ng/ml during the mid-luteal phase, then declined to 1-5 ng/ml by Day 13, when the antibody infusion was started. Thereafter, progesterone concentrations did not decline further and were maintained at 1-5 ng/ml, well beyond the expected time of luteal regression (interrupted line, Fig. 1 Figure 3 summarizes the distribution of antral follicles with diameters > 10 mm from the control and experimental animals. Collectively, the control animals had 9 follicles greater than 1 0 mm diameter, none of which exceeded a diameter of 20 mm. In contrast, the experimental animals had 28 follicles > 10 mm diameter, 9 of which exceeded 2-0 mm. The average diameter of the largest antral follicle in each of the 3 experimental animals (2-45 ± 0-23 mm, s.d.) was significantly greater (P < 0-05) than the average diameter of the largest follicle in each of the 3 control animals (1-30 + 0-53 mm, s.d.). In addition, the sizes of the 30 largest non-atretic follicles (10 per animal) in the experimental group were significantly greater (P < 0-001) than those of the 30 largest follicles (10 per animal) in the control group.
Discussion
In the current studies we provided GnRH at a fixed frequency of 1 pulse/h to offset the progesterone-mediated decrease in gonadotrophin pulse frequency and infused anti-oestradiol antibodies to reduce the gonadotrophin-suppressing actions of oestradiol and found that this treat¬ ment resulted in a potentiation of the perimenstrual rise in gonadotrophin concentrations with a concomitant stimulation of antral follicle growth. We conclude from these studies that the primary mechanism by which a functional corpus luteum interrupts follicular growth is by way of its suppression of gonadotrophin secretion by oestrogen and progesterone rather than by a direct inhibition of follicular growth (Goodman & Hodgen, 1979 (Zeleznik et al, 1985a) demonstrated that the endometrium of passively immunized animals is atrophie despite plasma oestrogen concen-trations in excess of 5 ng/ml indicating that the majority of oestrogen in these animals is unable to elicit a biological response. It is well established from ovarian ablation and steroid replacement studies that oestradiol and progesterone exert strong suppressing actions on gonadotrophin secretion (Karsch et al, 1973b (1977) and Goodman & Hodgen (1979) , serum FSH concentrations appeared to be elevated transiently after the removal of the corpus luteum. Based upon observations in humans and rhesus monkeys, it is likely that changes in gonadotrophin concentrations in the range of 20-30% may be effective in either stimulating (Brown, 1978) or inhibiting (Zeleznik, 1981) follicular growth. Such changes of this magnitude may fall outside the resolution of conventional radioimmunoassays.
In our current experiments, we maintained LH pulse frequency at 1 pulse/h throughout the entire luteal phase, whereas in spontaneous menstrual cycles, the LH pulse frequency decreases to approximately 1 pulse every 4-8 h as the luteal phase progresses (Ellinwood et al, 1984) . It is likely that the progressive decrease in LH pulse frequency during the spontaneous luteal phase is due to a deceleration of pulsatile GnRH secretion which is mediated by progesterone (Soules et al., 1984) . Accordingly, our studies do not allow us to determine the relative importance of progesterone versus oestradiol in suppressing gonadotrophin secretion during the luteal phase. Previous studies on macaques by Pohl et al. (1983) have shown that a GnRH pulse frequency of 1 pulse/3 h is unable to stimulate follicular growth and oestrogen secretion, indicating that a reduction in GnRH pulse frequency per se is able to arrest follicular development. However, maintenance of rhesus or cynomolous monkeys on an unvarying GnRH pulse frequency of 1 pulse/h throughout the luteal phase does not appear to shorten the next follicular phase, demonstrating that a decrease in pulse frequency during the luteal phase is not required to restrain follicular growth. On the basis of these observations, it is likely that the combined secretions of oestradiol and progesterone provide a fail-safe mechanism to suppress gonadotrophin secretion and arrest follicular maturation during the luteal phase. As shown by our current studies, in the absence of a decrease in LH pulse frequency, oestradiol is able to suppress gonadotrophin secretion and folliculogenesis whereas in the apparent absence of oestradiol, progesterone alone appears to suppress follicular growth by decreasing gonadotrophin pulse frequency (Pohl et al, 1983) .
Lastly, in one of our passively immunized animals serum progesterone concentrations were maintained beyond the expected 15-16-day duration of the luteal phase. This observation, albeit in a single animal, is intriguing in that it has long been speculated that oestradiol may be a luteolysin in primates (Karsch et al, 1973a 
